The addition of 1 micromolar 2,3,5-triiodobenzoic acid (TIBA) to solutions containing KCI resulted in the inhibition of K and Cl uptake in excised barley roots. The effectiveness of TIBA as an inhibitor increased as the pH of the treatment solution decreased and approached the pK. of TIBA. A lag period of approximately 20 minutes existed prior to the onset of TIBA induced inhibition of ion uptake. Respiratory activity was also inhibited by TIBA. The data suggest that in this material, TIBA functions by entering the cytoplasm and inhibiting metabolism. Comparisons made on the effect of added Ca, showed that at pH 5.7 and higher, Ca had no effect on ion uptake whereas at lower pH values the presence of Ca enhanced uptake by offsetting the deleterious effects of H'.
These compounds occur in a number of plant tissues (1, 6, 13) as well as soils (27) . Recently, Glass (4, 5) and Glass and Dunlop (7) found that a number of hydroxy and methyl benzoates inhibit ion uptake in excised barley roots. Based on studies with o-hydroxybenzoic acid Glass has suggested that these compounds may be allelopathic substances acting directly to cause a depolarization of the plasmalemma which may alter the permeability.
The benzoic acid derivative TIBA' has been recognized as a hormonal agent for over 40 years and its inhibitory effect on polar auxin transport has been extensively studied (8) . NiedergangKamien and Leopold (20) demonstrated that in sunflower stem sections, TIBA inhibited polar transport but were unable to demonstrate a similar inhibitory effect on respiration. TIBA has also been linked to a number of other hormone effects including flower induction and growth responses. This paper reports on the effects of TIBA on ion uptake in excised barley roots. Similar to Glass's studies with methyl and hydroxy benzoates, TIBA was found to inhibit the absorption of K and Cl. The inhibition of uptake appeared to be mediated through an effect on general metabolism.
MATERIALS AND METHODS
Plant Materials. Barley seeds, Hordeum vulgare L. cv. Briggs, were grown as described by Jacobson and Young (15 combined. Solutions were aerated at a rate of 300 cc/min. Unless otherwise indicated the pH of the treatment solutions was adjusted to 4 by the addition of H2S04. All solutions were maintained at 25 C. Experiments were initiated by the addition of l-g samples of excised roots. A stock solution of TIBA (Sigma) was prepared at a concentration of 10 mm in 95% ethanol and aliquots of this added to the treatment solutions as required. Preliminary experiments showed that ethanol at the concentrations used had no effect on ion uptake.
At the conclusion of the experimental time period roots were separated from solutions by a nylon mesh filter, washed, and the ions extracted from the roots by heating in 0.33 N HNO3. The acid extracts were then filtered, made up to volume and K analyzed by flame photometry and Cl by a coulometric-amperometric procedure (Cl titrator, Aminco). All results refer to fresh weight.
Respiration Experiments. Consumption of 02 by root segments was used to determine respiration. These studies were carried out under conditions identical to absorption experiments and analysis of the tissue showed no significant difference in the pattern of ion uptake. Fifteen g of excised roots were placed in 4 liters of airsaturated solution. The sealed containers, devoid of air spaces, were rotated end over end at a rate of two times per min. An 02 electrode (Yellow Springs) was used to measure the consumption of dissolved 02 in samples taken from the treatment solutions.
The pH values of the solutions at the end of the experiment were measured and found not to have deviated significantly from 4, the initial pH.
RESULTS
TIBA Concentration. TIBA was tested for its ability to alter the uptake of K and Cl by excised roots. The absorption of K (Jacobson, unpublished) showed that in the absence of KCI, 1 ,LM TIBA caused an efflux of K and Cl. This efflux was still present for K at 0.25 UM whereas the Cl content showed no net change at this concentration.
Effect of Ca. Barley root material generally absorbs K more rapidly than Cl in the absence of an inhibitor. The more rapid uptake of Cl observed in this work was probably due to the acidic nature of the test solutions. Figure 2 shows that as the pH of the treatment solution increased not only did ion uptake increase, but at a pH of approximately 5.7 and above the accumulation of K became greater than that of Cl. The addition of Ca (sulfate salt) reduced the deleterious effect of H+ on the roots. At high H+ concentrations absorption of both K and Cl were greater in the presence of Ca than in its absence (Table I ). Addition of Ca to solutions at pH 4 containing KCl improved K uptake by 36% and in the presence of the pH 4 buffer, potassium biphthalate, by 16%.
The presence of Ca reduces the deleterious effect that high H+ concentration has on the experimental material. With the addition of Ca to treatment solutions experiments could be undertaken to examine the interaction between H+ concentration and the effectiveness of TIBA.
pH of Treatment Solutions. The pH of the treatment solutions was varied to determine its effect on the inhibition caused by TIBA (Fig. 3) ; 1 lsm TIBA at pH 3 was a potent inhibitor of ion uptake especially that of K. As the pH of the treatment solutions increased, the effectiveness of TIBA as an inhibitor diminished. At a pH of approximately 6, TIBA had little effect on ion uptake. The increasing effectiveness of TIBA with decreasing pH correlates well with the estimated pKa value of 2.5 (2). Most dissociable organic molecules are absorbed in their undissociated form (24) . So, as the pH of the solution decreases the proportion of undissociated TIBA molecules increases, more absorption of the molecule occurs, and the inhibition due to TIBA becomes greater.
Time of TIBA Treatment. The uptake of K and Cl from solutions with or without TIBA for time intervals of up to 120 min was determined (Fig. 4) . Absorption of both ions was essen- 
DISCUSSION
In preliminary studies the effect of a number ofhormones: IAA, IBA, 2,4-D, kinetin, and ABA on ion uptake in excised barley roots was examined. Previously some of these compounds had been demonstrated to have an effect on ion uptake in barley and wheat roots as well as Avena coleoptiles (10, 22, 29) . In our study no promotion or inhibition by these compounds was noticed in concentrations ranging from 100 to 1 UM. Even at the low pH of 4.5, IAA (pKa = 4.75) showed no detectable effect compared to the control. In contrast the addition of TIBA to the solutions resulted in a decrease in ion accumulation (Fig. 1) . This inhibition was half saturated at a physiologically significant concentration of 1 ,UM. The coupling of the inhibition data in Figure 1 with the respiration data (Table II) suggests that TIBA acts as an inhibitor of a general metabolic process in our material and not as a specific antagonist of ion uptake. Table II shows that TIBA affected the respiratory process of those solutions containing KCI in the external medium to a greater extent than those not actively undergoing salt respiration. However, both salt and ground respiration showed a similar decrease in 02 consumption with increasing TIBA concentration. The degree of respiratory inhibition was considerably less than that resulting from the TIBA inhibition of ion uptake. This is consistent with the behavior of metabolic inhibitors which may suppress active salt absorption and respiration over approximately the same range of concentrations, but quite often inhibit ion uptake to a greater degree than respiration (26) . Table II also demonstrates that salt respiration constitutes a significant proportion of the total respiration in this material.
Several additional lines of evidence presented in this paper suggests TIBA inhibits cellular metabolism. As the pH of the external media approaches the pKa of TIBA, inhibition steadily increases (Fig. 3) . Additionally, the log P (octanol-water partition coefficient) of TIBA is approximately 4.5 (17) implying that it is a very lipophilic molecule. Since most organic molecules are absorbed primarily in their undissociated form (24) the data in Figure 3 , combined with the lipophilic coefficient, log P, suggests that TIBA can penetrate into and be transported across the membrane entering into the cytoplasm where it may interact in metabolism. Further evidence for this may exist in a previous study (7) where a correlation was found between the increasing effectiveness of benzoates as inhibitors and the increase in log P.
The time curve in Figure 4 indicates a lag period of 20-30 min. A number of other metabolic inhibitors have similar time periods (19, 21) . This lag time may be the time required for significant entry of TIBA into the cytoplasm. Finally, the fact that TIBA inhibits respiration strongly suggests a cytoplasmic effect for this (28) noted that the activity of substituted benzoic acids depended on the substituent group, its position, and the number of groups present. Substitutions in the 2, 3, and 5 positions were the most important.
Experiments by Glass (4, 5) showed that a number of hydroxy and methyl benzoates inhibit the uptake of K (ssRb) and P in barley roots. A qualitative but not quantitative relationship is all that can be obtained in comparing his data to that presented here. Glass used higher concentrations of inhibitor than used here. Furthermore, the pKa of the individual benzoates differ resulting in different ratios of the anion to undissociated molecule and probably different uptake rates at any given pH. The use of phosphate as the anion also does not lend itself to ready comparison due to its unique chemical and absorption properties. At the relatively low phosphate concentration (50 uM) used by Glass and at pH 7 where less than half the molecules exist as the readily absorbable monovalent anion (16) , diffusion across the root boundary layer could be limiting (23) .
In their studies Glass and Dunlop (7) suggests that o-hydroxybenzoic acid and a number of other derivatives function by depolarizing the plasma membrane. The evidence presented here suggests that the benzoic acid derivative TIBA affects the respiratory process. Although Glass found a rapid depolarization, there was no effect by benzoates on the ion uptake rates for at least 20 min (4, 5) . Cyanide and azide, two well known metabolic and uptake inhibitors, also cause the rapid depolarization in oat coleoptiles and pea epicotyls (11) , Neurospora (25) , and semitendonous frog muscle (12) . The existence of a rapid depolarization does not exclude a causal relationship between metabolic and absorption inhibitors.
The literature contains conflicting reports concerning the necessity of adding Ca to test solutions (3, 9, 15, 29) . Examination of Figure 2 shows that at more neutral pH values the presence of Ca did not materially affect the uptake of K or Cl. As the H+ concentration increased, the effect of Ca became more pronounced. Similar results were reported for Triticum roots (29) . A hypothesis exists suggesting that Ca screens out the deleterious effect of H+ by occupying the exchange sites of the cell wall (14) . While our data seem to agree with this hypothesis, a direct effect of Ca on the plasmalemma at low pH cannot be excluded. Finally, in uptake studies it must be remembered that a boundary layer exists surrounding the roots which may differ in chemical com-
